© Versita Sp. z o.o.
Introduction
The flavonoid rutin (2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-3-[α-L-rhamnopyranosyl-(1→6)-β-Dglucopyranosyloxy]-4H-chromen-4-one) is an important polyphenol compound widely distributed in plant kingdom. Owing to its broad spectrum of biological activities, including anti-inflammatory, antitumor, antimicrobial, antioxidant, and vasodilation actions, such phytochemical has gained great attention of the scientific community. It has been included as a drug of choice for the prevention and treatment of hypertension, bleeding and other circulatory system diseases [1, 2] .
Flavonoids are essentially composed of three rings (A, B and C), which can be linked by basically three kinds of substituents, hydroxyl, methoxyl and glucosides.More than 4.000 flavonoids have already been identified in nature. According to their structural pattern, flavonoids can be classified in six major groups: Flavonones, flavanones, flavonols, 3-hydroxyflavanones, catechins and anthocyanins. Rutin (Fig. 1) is the glycoside of the aglycone, quercetin, in fact, two of the most representative flavonols in nature [1, 3] .
Furthermore, the biological actions of flavonoids have been in most of the cases attributed to their well-known radical scavenging properties, which is mainly driven by electron donor properties. Whereas, this antioxidant property is driven by the presence of electroactive groups, the electroanalysis has been a promising tool on flavonoid research [2, 3] .
Actually, such facts have already motivated a great number of publications on the redox behavior of rutin. Indeed, the typical voltammetric profile of rutin is characterized by two successive steps, the first one, is reversible and occurs at lower potential (E p1a ~ 0.4 V, pH 7.0), while the second step is irreversible and occurs at a higher anodic potential (E p2a ~ 1.0 V, pH 7.0). It is well-established that the first redox pair corresponds to the electrochemical oxidation of the catechol moiety on B ring, while the second anodic process is related to resorcinol moiety on A ring (Fig. 1) Goias, Brazil Aline de Oliveira-Roberth, Diego I. V. Santos, Diogo D. Cordeiro, Fernando M. de A. Lino, Maria T. F. Bara, Eric de S. Gil the insulating film formed at electrode surface on successive scans, which leads to lack of repeatability and reproducibility of electroanalytical determinations [3, 5, 6] . Therefore, despite the great sensitivity, overall low cost and sub-nanomolar limit of detections, this has hampered the consolidation of electroanalysis for quality control purposes. Meanwhile, although many efforts have been made in order to achieve suitable electrodes, even the most successful approaches have remained confined to the academic field [7] [8] [9] [10] [11] [12] . Currently, the working electrode surface of the commercial options, i.e., glassy carbon, platinum, carbon paste must be renewed before each measurement [3, 5, [6] [7] [8] [9] [10] [11] [12] [13] [14] .
Further techniques that could be applied in order to control adsorption effects in electroanalytical methods are the polishing of electrode surface between the measurements, the use of ultrasound coupled to electrochemical system, as well as the use of hanging mercury drop electrodes. However, each one of these alternative possibilities present intrinsic limitations: polishing the solid electrode surface alters the electrode area, makes the method laborious and time consuming; the ultrasound bath coupled to the electrochemical cell is not always efficient if strong adsorption occurs whilst the complexity of the method increases and; also, the use of hanging mercury drop electrodes is inadvisable due to the high toxicity [13, 14] . In turn, owing to the inherent heterogeneity of carbon paste electrodes, as well as some practical aspects regarding its preparing, this cheaper alternative has not been an attractive option for routine analysis in quality control labs [9, 11, 15] .
An interesting option to overcome these problems is the utilization of Screen-Printed Electrodes (SPE), which are characterized by simplicity of use, low cost and good reproducibility of each unit. Thus, these interesting features have allowed their marketing in the format of disposable electrodes. SPEs can also be easily replaced between each analysis, eliminating the necessity of electrode surface regeneration, hence improving the repeatability of measurements [16, 17] .
Many publications have emphasized the advantages of using screen-printed electrodes in pharmaceutical and biomedical analyses, with special attention to convenience and cost savings associated with this type of electrode [18, 19] . Another useful feature of SPE is their application as electrode support for sensors and biosensors development, sometimes leading to more interesting devices than conventional electrodes [4, 20] . Finally, several studies have shown that the use of SPE in electroanalysis ensures adequate sensitivity, selectivity, linearity, reproducibility and robustness for development of electroanalytical methodologies [18, 21] .
However, in spite of all these advantages, to the best of our knowledge, no application of SPE for electroanalytical determination of rutin in real samples has been reported. So the objective of this work is to propose a practical and suitable electroanalytical method for quantification of rutin in pharmaceutical samples, as well to evaluate their redox behavior by means of cyclic and differential pulse voltammetry at SPE in a broad pH range. Furthermore, considering that quality control laboratories generally possess more robust potentiostats instead of the portable ones, in which a specific connector for "three in one" electrode system is required; such disposable devices were employed exclusively as working electrodes in conventional cell configuration.
Also, considering the inherent similarity between these compounds, any attempt to develop and optimize methods for rutin analysis, may be also useful for other flavonoid derivatives.
Experimental procedure

Chemicals and solutions
Rutin (MW = 610,52 g mol -1 ) and ethanol, both of analytical grades, were purchased from SigmaAldrich, (St. Louis, USA). The dosage forms of rutin, capsules, declared content of 100 mg per each unit, were bought from local Pharmacy Stores at the city of Goiânia -GO. All solutions were prepared using analytical grade reagents and purified water (conductivity ≤ 0.1 µS cm -1 ) using a Millipore Milli-Q system (Millipore S. A., Molsheim, França). The supporting electrolyte solutions, consisting mostly of acetate and phosphate buffer (ionic strength of 0.1 M) were prepared in accordance with well-established procedures [22] . 
Equipments
Cyclic voltammograms (CV) and differential pulse voltammograms (DPV) were carried out by using a potentiostat/galvanostat μAutolab III integrated to the GPES 4.9 software. A three-electrode cell, containing screen-printed carbon electrodes DRP-110 (carbon working electrode 4mm, with carbon auxiliary and silver reference electrodes), purchased from Dropsens® (Oviedo, Spain) herein exclusively, used as working electrodes, a saturated calomel electrode (SCE) as the reference and a platinum wire as counter electrode, was used for all measurements. Therefore, the connections were carried out by using conventional independent cables for each electrode, instead of the multiple connector cable offered by Dropsens Co. The conditioning of working electrodes was reached by cycling twice from -0.45 to +1.45 V.
Electroanalytical techniques
Cyclic voltammograms were obtained in the scan range of -0.25 V to + 1.25 V at 100 mV s -1 , while differential pulse voltammograms were obtained in the potential range of + 0.1 to + 0.6 V , using pulse amplitude of 50 mV, pulse width of 50 ms, interval time of 0.5 s and scan rate of 20 mV s -1 . All the electrochemical measurements were carried out at room temperature.
Preparation and analysis of standards and samples
The standard solutions of 1 and 10 mM of rutin were prepared using ethanol/phosphate buffer (30:70 v/v) as diluent. Convenient aliquots of these solutions were added to the electrolytic cell containing 10 mL of phosphate buffer in order to obtain the calibration curves. Three measurements were performed for each concentration value using different SPEs "exclusively" as working electrodes. The average inner mass content of twenty capsules was calculated accordingly to pharmacopoeial procedures [15] . Briefly, the inner content of twenty capsules containing 100 mg of rutin per each capsule were transferred to a mortar and then mixed. An adequate amount of this mixture was diluted with ethanol/phosphate buffer (30:70 v/v) in order to obtain 10 mM, and diluted 10 times with the same solvent.
For the study of interfering species, rutin standard solution was enriched with twice the amount of the main excipients used in pharmaceutical formulations, i.e. sodium lauryl sulfate, colloidal silica, sodium starch glycolate, microcrystalline cellulose and lactose. The contents were sonicated for 20 min and filtered and the obtained residue was washed three times with ethanol/ phosphate buffer (30:70 v/v) solution. The filtrate was transferred into a 100 mL calibrated flask and diluted to a final volume with same solvent in order to reach 1 mM rutin.
Appropriate solutions were prepared by taking suitable aliquots from this stock solution and diluting them with the phosphate buffer solutions. Each solution was transferred to the (10 mL) voltammetric cell and measured following the same procedures as for standard and real samples.
The validation with standard method was also performed in order to evaluate the recovery of the method [15, 23] .
Results and discussion
Electrochemical behavior at SPE
The electrochemical behavior of rutin at carbon SPE was first investigated by means of cyclic voltammetry (CV) in pH 6.0 0.1 M phosphate buffer. Fig. 1 shows the CV scans obtained in pH 6.0 0.1 M phosphate buffer solution. Two anodic peaks, 1a and 2a at E pa 1 = + 0.45 V and E pa 2 = + 1.1 V, respectively. On the reverse scan a cathodic peak, 1c corresponding to anodic peak 1a, appears at E pc 1 = + 0.25 V. The redox pair E p1a/p1c is attributed to the catechol moiety, 3',4'-dihydroxyl groups on B-ring, which undergoes a reversible oxidative process leading to the corresponding σ-quinone products [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
In turn, the peak 2a, at E p2a = 1.1 V is attributed to the irreversible electrochemical oxidation of resorcinol moiety of ring A [5, [15] [16] [17] .
Since the electrochemical oxidation of rutin is followed by strong adsorption of the oxidation products, the substantial fall of current peaks, I pa and I pc , observed after successive cycles is attributed to the fouling of electrode surface. In fact, the growth of an insulator film leads to reduction of diffusion of nonoxidized species from bulk solution to electrode surface. On the other hand, owing to the inherent steric hindrance of the oxidation products, the reduction of effective electroactive area is an immediate consequence the adsorptive process, thus explaining the fall of the reversibility (I pa / I pc < 1), expected for catechol / σ-quinone system.
Cyclic voltammograms performed at different scan rates showed a linear correlation (r = 0.9912) between I p1a and V, the expected behavior regarding the involvement of adsorption processes. Nevertheless, since the resolution of peaks was almost the same, 100 mV s -1 was chosen for further CV experiments. The adsorption of organic species is generally higher for hydrophobic species, especially in acidic pH medium. In turn, the large sugar moiety of rutin, besides making rutin more hydrophilic also may weaken the strength of adsorption process, which is even lower when applying less positive potentials (< 0.7 V) [3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In fact, rutin adsorbed film could be removed easily from SPE surface by immersing it in mild alkaline solution (pH 9.0 0.1 M buffer solution) for one hour, thus making it reusable.
The Scheme 2 presents the possible redox mechanism of rutin at carbon SPEs.
Influence of pH
The electrode reaction of rutin, as for other polyphenol compounds is affected by pH of the medium. Hence, the electro-oxidation of rutin at SPE was studied over the pH range of 3.0 to 10.0 in suitable buffer solutions, by differential pulse voltammetry. Upon increasing pH a negative and linear shift of peak potential was observed till pH 9.0, thereafter it became almost pH-independent ( Fig. 2A) .
The slope of around 60 mV per pH unit indicates that the redox process involves an equal amount of protons and electrons. Furthermore, the half width, W 1/2 value of 90 mV is close to the theoretical value for reversible process involving the transfer of two electrons. On the other hand, the current peaks have shown to vary in a non-linear manner, the intensity being slightly higher in mild acid pH.
Since, the sharper response and best sensitivity was obtained at pH 5.0, this condition was selected for further experiments (Fig. 2B). 
Homogeneous response of different SPEs
The repeatability of the method was previously evaluated by using five different SPE at the same experimental conditions i.e., potential peak at + 0.37 V, in pH 5.0 0.1 M phosphate buffer, pH 5.0 as supporting electrolyte and rutin concentration of 5.0 µM. The relative standard deviation was 3.39%, which assured good repeatability.
Calibration curve and detection limit by means of CV and DPV
In order to develop a rapid, sensitive and reproducible method for the determination of rutin, cyclic and differential pulse voltammetry were evaluated by using disposable working electrodes. Fig. 3 shows the cyclic voltammograms obtained with increasing amounts of rutin, as well the I pa 1 vs. concentration plot, under the optimal conditions described above.
The carbon SPE was replaced with a new one before each measurement, and the peak current increased linearly with increasing concentration, as shown in Fig. 3 . Although, this method presents good linearity even at milimolar concentration range, the best linear response for CV measurements was obtained in the range from 2.0 to 15 µM, r = 0.9908. Using the optimal conditions described before and owing to the lower background current and better resolution at lower concentration, DPV technique was also adopted. The peak currents I pa were taken at 0.37 V (vs. SCE) and electrodes were substituted by new ones before each measurement. The resulted I pa vs. C rutin plot (Fig. 4) showed also a good linear relationship in the range of 0.30 to 4.5 µM being that in this case the coefficient of resolution (r) was of 0.9985.
Detection and quantification limits
Limit of detection (LD) and limit of quantification (LQ) were calculated as function of signal-to-noise, where the ratio is respectively of 3 and 10. The LD was found to be 0.10 µM, meanwhile the LQ was 0.30 µM for DPV technique.
Precision of the method
The repeatability of the analysis was investigated by 6 determinations of 2.0 µM rutin solution using different glassy carbon SPEs at intervals of 30 min. A relative standard deviation of 2.2% was found, indicating a good repeatability.
In order to ascertain the intermediate precision, the analysis was performed on different days, always using new SPE and freshly prepared standard solutions containing 1.0 µM and 3.0 µM rutin. Thus the repeatability was not affected by concentration, being that the standard RSD% of peak currents was found to be 3.4%, which indicated that electrodes has good repeatability.
Influence of excipients and accuracy assay
In order to evaluate the effect of some common excipients used in pharmaceutical preparation as interfering agents, the determination of 2.0 µM rutin with a twofold molar excess of each excipient (4 µM) was carried out. Indeed, none of the excipients evaluated showed oxidation current signal in the potential window used to quantify rutin. Therefore, even at twice the amount of rutin, no interference on the voltammetric signals was observed for the excipients herein evaluated (Fig. 5) . In turn, the average accuracy calculated by means of standard recovery taking in account the linear range described for DPV technique was of 99.8%, RSD of 3.0% (n = 5).
According to the obtained results, it was possible to apply this technique to the quantitative determination of rutin in pharmaceutical formulations.
Determination of rutin in pharmaceutical formulation and recovery test
The applicability of the proposed method was evaluated in real samples of masterly capsules, each unit containing a declared value of 100 mg per capsule, previously quantified by official method in which was obtained a recovery of 98.9%, whereas the proposed method presented an average recovery of 99.2% (n = 5). The results are shown in Table 1 .
Therefore, the real excipients had showed no influence on the analyte peak, thus reinforcing the suitability of the proposed methodology for such pharmaceutical samples.
Conclusions
A simple, rapid, very accurate and precise voltammetric method has been developed for determination of rutin in pure form and in capsules. The analytical conditions provided a good limit of quantification for rutin within a short analysis time and wide linear range.
None of the typical excipients evaluated showed oxidation current signal in the potential window used to quantify rutin and therefore, it was possible to determine the analyte in the presence of all components considered as potential interferents.
Thus, the method can be proposed for routine laboratorial analysis, i.e., quality control purposes. The use of SPE make the analysis simpler and faster, while assuring good linearity, selectivity, reproducibility and low detection and quantification limits. Although, carbon paste electrodes might be cheaper than using disposable electrodes, since they are not practical enough for routine analysis, they are not that attractive as an option. Furthermore, the adsorbed rutin could be removed easily from the SPE surface, thus lowering cost of analysis. On the other hand, since these disposable electrodes were used only as working electrodes, simpler and cheaper devices might be also fabricated, hence highlighting the utility of our approach. Finally, the electrochemical behavior of rutin at SPE occurred as expected for other carbon electrodes. 
